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Date

From

Subjecl

To

DEPARTMENT OF HEALTH& HUMAN SERVICES Public Health Service
Food and Drug Administration

Memorandum

~cJ 29 /997

Acting Director, Division of Programs and Enforcement poli~j~~e ~~P~$&l 1d ~ ~ :45

Nutritional, HFS-455

75-Day Premarket Notification for New Dietary Ingredients

Dockets Management Branch, HFS-305

New Dietary Ingredient: Huperzine A, an alkaloid compound
extracted from the herb Huperzia Serrata.

Firm: General Nutrition Corporation (“GNC”) on
its own behlf and on behalf of Marco Hi
Tech JV Ltd.

Date Received by FDA: September 2, 1;997

90-Day Date: December 1, 1997

In accordance with the requirements of section 413(a)(2) of the Fecleral Food, Drug, and
Cosmetic Act, the attached 75-day premarket notification for the aforementioned new
dietary ingredient should be placed on public display in docket number95S-0316 after
December 1, 1997.

Sincerely yours,

James Tanner, Ph.D. “ -
Acting Director,
Division of Programs and

Enforcement Policy
Office of Special Nutritional
Center for Food Safety

and Applied Nutrition

Attachment

/fp7/5-



John P. Troup, Ph.1),
Vice President,
Scientific Affairs

August 25, 1997

Linda S. Kahl, Ph.D.
Office of Special Nutritional
Center for Food Safety and Applied Nutrition
Food and Drug Administration
200 C Street (HFS-450)
Washington, DC 20204

Dear Dr. Kahl:

Pursuant to Section 8 of the Dietary Supplement Health and Education Act of
1994, General Nutrition Corporation (“’SNC”), on its own behalf and on behalf of Marco
Hi Tech JV Ltd., wishes to notify the Food and Drug Administration that it will market a
new dietary ingredient, Huperzine A, an alkaloid compound extracted from the herb
Huperzia Serrata. Accordingly, enclosed please find (2) copies of this notification.

The dietary supplement which contains an extract of Huperzia Serrata,
Huperzine A, at a level of fifty (50) micrograms of Hupetzine A in a tablet or capsule
which will be suggested to be taken one time per day.

Attached please find reports of the safety and other information which establish
that this dietary ingredient, when used under the conditions suggested in the labeling of
the dietary supplement, is reasonably expected to be safe. These supporting studies
include:

(1) Acute oral toxicity of Huperzine A and demonstration of LD50.

(2) A summary description of safety and toxicity studies conducted by
international research institutes, a description of the clinical studies
conducted in China is also presented.

(3) U.S. Patent describing methods of extraction of the active component
(Huperzine A) and review of comp]ete safety/toxicology studies.

General Nutrition Corporation, 300 Sixth A, enue, Pittsburgh, PA 15222
Tel: (412) 338-8844 Fax: (412) 338-8954
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August 25,1997
L.S. Kahl, Ph.D.

(4) Published scientific articles describing the acute and chronic effect of
Hupetzine A, including sub-population groups.

\

J hn P. Troup, Ph.D. J
Vi e President, Scientific Affairs

JPT/jaj

cc: Reuben Seltzer
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wherein RI, R: md R’ idcyndcmly trc hydro.g- or
lo~cr dkyf. snd tbc dcwd (. . .) line is m opmt?al
double bond. snd their phm-mnceutically wxcptabh
~cid addkion Am The componmk of formuk L 11snd
1!1 pow~s tnarkd” ar&halincscrmc @wity -d uc
W(UI as anskptic agcau -d M s~cnta far !lw wmcnt
of ccnilc demert(ia Jrrd myasthcnis grw%.
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, 0?/30S382 M Feb. 1 I9$S. naw abandoned vhicb is

a Ruk ~ cazlinuliOU Of $er. NO. 936.~ filed F&.
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wherein Ii 1, II: snd RI irrdzpcndemly wc hyd:cgca or
lower AYL ad tbedotted ( . . . ) line u an opriond
double bond. “md thdr PhUmSCCtiCIJIY sable 50
sad addinorr salts. TXe cOMPOUIKhQffO~Ult 1. IL snd
111 pmecss rmkcd amichotiautm utMtY and are
IM4 -depti amrs MCIM 48mIs rof !Iw ~tm~~
of %ndc derrndn d mys$rb& grsvi!. . .

Tbe ia.wdon rehle to C3atp0tds of he fonnuhs

,hll

In

1

.
1
c
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wherein RI. R: d R’ inctqendcady S= hydrogen 0?
,ower dkyl. mrd the dotlcd ( ., . ) ~mc k WI optiarml
foubk %md. md their p~-euticdly accqxabk
8Ctd sddtfion taks.

& ~ hcrria. the tCtW IO- dkyl- dcrtmm K
r~i.cal of ~ 10 7 - ~ma~ for =rnpk. rauhyl.
ethyl. propyl, hcpropy!. kobwyl. wrriq bwyl. pmcy!,
Iqtyl and the like.

~c eompow~ of formuks L H md 111an be pre-
pared u %rudler dcXribed. Mm panicukrly. &
mmpound~ of brnrtdm 1 ad 111. witcran R!, R: aad
R~ me hydmgar. wi%ch am dkal15& aa be prepared
from the rmwdly tiring plmx Hqxmo scrrrm by
●xtmcrton AM Ms4quetn chrantmgrapldc sepuat$cn.

Cmwcmimwty. the cxtrxtion and ~raticsi of the
&red (5R. 9% 1lE)-$-amixro-I14@idcr=M.9,1&
tetr*ydm.7.ti~L$.% m=~~~]pfiti.
2( t H)-oac (~U~tiIX A) can be efkCtcd by htowl
pra.s~~ For instmco. a sol-t uxh u u aDunoL
for mampl= cttwoL can be wiilzcd. _ cxmct$ *
mintd caa be mqotated ar!d (he auidue further teFs-
ratd by ~U~tid t=lmerrt urd CXIW=dOnn fOhVX
The rathk h :-ted with= inorgaak S4 h eJUM.
pk. bdTOC!!OtiC mid. - mqueoui pht= b aeutd?.cd
with a baM, for -#e, xauoais or sodium hydzOx-
Jd8. knd tbe tor.d dkaIoids tmzc!cd by s r&m& fbr
C%mapk Cbhrorm. m U@alcs m k rtpe8rod
lWKYh~~=_=~ chmnmtc~d .
orr n sik gel cohxnm. Frackos for the ~xogrs.
phyarc8zIai~ by TLC lad-With tigk~t$
Me tmmbird to yfekI substaadally pure H-e A
TO obtaia pure Ilqw5nc & it CM be rechrmna~
gnphcdti~hdb yksowamdxd% aa for
mmple, frozo ●rasthaaoL’a&toae mixtmrc.

T%e crude ar.aterisl idated fmm leaer fketimasof the
CkUU~DhY h 8 tlihr ~t5tf WhiC!& W&a ,
rechroamomhcd on tia @ ** for umapk a
~b+cat t~cm of chhrororza. acetceie nd ttdwA,
●id ~lILu4 for ~pk frua acemae**
pure {bR. 5X lCbk).1.2J.4.k3.6.lC4.odWdm-12.
racthyl+ }%p~o-I.7-ptimthlkqHw~
(Huwrziae B).
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The W’tcf Camfxi-iti$ o(fonnulm I lnd flI can b+

preWreU ~alkyin{icn o(4comTmunU&fomul* [ w
llJ. wherein Rl, R:Md R!archydrog~ rm~ijvely.

Mores pccifkally, Iheaikyktion ofs ccmpound of
formul* 1, wherein R!. R: *ad RJ we hydrogen. thm i~
Hupcrzine A. cm k cfkcld Ulkittg kaow fWOCC-
dures. Fvr example. if :hc motao-tlkylamino (R 1k alkyl)
derivaI,vc is de>ired, HuperxiIzc A is rcxctcd with an
zlkyl Mid:, sttc!s M. methyl iodide uxder U@hrd
cor@iorts, If the diaikylazninc (R ~ ~nd R: m slkyl)
derwative Js dexircd. Ihc nronoxlkylanxieo dcdvwivt it
tr-ted hrrrkr with MSalkyl ~US. $uch S% m-thy;
iodide. If \hc dintcthyiaaria= (R’ and R: me ~kyl) deriv
uive IS dctird, h can alSO bc. prepared by rexting
Hupednc A @th c mixture ef fomic tcid ●nd rormsb
rkttyde under Wndard condkiors. U the trialkyl (RI.
R: ●d RJ me a)k~) dwivstive of Hupcrxine A is de-
sired. Huperzhw A is wad tith t dielkyldfste, SUC!’I
●t dhnethylwlfkte. ufilixinx tzmdard condhiona with
hccths~. b each im{xcca, the dehd dcrivctives =IS be
acpamcd by c!trommognpby sod cry$tdhzalti, or
the like.

A cosnpourzct of fnnnuh 11cwt be p7CPSrCdfrom the
corrczponding c6mpound of fomnttls I by UlectIve
rtiucrian m tither mluce the cxttq+clk double bond or
bth the exocyclic and eftrlocyclic double bonds. ~
exoqciic douiic bond caa bc rrduccd by u!alytic
hydrogcnulon utilixing pk!inum in art A.snal. mch al.
ctJaonoL under kno=m candi;icns. ~< cxocyclic and
cndocychc double bondt cmr be rtdu=d by catalytic
hydNSenarlan utilizing plmmurn br M Or$anl: aCld.
wch m. *cetic scjd, under known conditions. III COCh
irwmxe. the ddred dcrbmives can be icsprawd by
ch~locrsphy tnd wysullixxrkvt. or the like.

Th< csmpaurtd$ of kmnuh 111. whtiila RI and R:
we hydrogen. !hal i% Hupcedne a C$n bc r~oi ~cd
durhg the sepal s!ion snd recwery al )-lu~zine A.
Morr qwcifically. (4~k ~R. 10bR)- 1.2.14 .~a.&6.l@-
ocrahydro.l?.methyl.j, Iob-propen* I.?. phenanthrolin.
6(71+).cmt (Hupc;zint B) cae be rccovertd. aa prcvi.
oudy described, m lhc I$o)ation of Hupc:zine A. in;.
taxl]y, ab a wnde ma!crial puritkd frum the lmef frac,
rlons of the cbromsmgraphy.

The alkylation of s comDound or formtzil lf~.

4
or lhc lilt?. ofkr ortanic acjds Wch ●Xl~ilc acid. l-r.
taric octi. mdcic acid. chric acjd. kn~oic @M. Saiicylic
acid. ucorbic acid snd {k like. Non+harmsceuticnlly
SCdCPtNNCacid addhion LC]ttof the =omaounds of for.

wherein R] xnd R) are hydrogm, thci m Hupwwrc B. 4S
can be c~cctcd utilizm$ known pmccduret. For exam.
p[c. ~r thc mono+ lkylamino(~l k alkyl) dcrtvartve h
dcsued. Huperxine U Is rcacmd wi:h an aikyl halide.
such -c methyl iodide, under wmsdmd c.cttditiorts. If the
rnwwmcthyl dehwauw (RI =rmet!?yl) b dewd 11esv .S0
CISObe prcpmd by rcscfkng Hupcrzhu B with s mh-
rwe of lbrrmc acid nd fomsald?hydc under ttarulard
condikta. If Ihe dlalkyl fR I and R] we dkyl) deriva-
tive of l-?upe~lne B .ix desired. Hfzpcrzinc B It fmered
whh ● dialkylmlfcte. W@ ss. dinM31aY18UlfalC.ufking M
uarrdard conditions with beating. In each hxrrcc. the
dexircd derivative can be septrawd by chromatography
●nd cryltalhxation. or the like.

The cunspounds of formulas L H A 111fores acid
addition Mc wkh horgartic or organic tcidt Thus @
they form ph~rmac~tiodly acceptable add addition
salts with .bottt phstmQccuticalls acceptsbk orgsnk
and !oorgsnic sc{d$, fa txamfdc. with hydrohxlic add.
such M. hydrochloric oc{d,~ydrobromie acid. hydrol-
ogic acid, other mineralacid cah$. Such u, $ttifbfR Kid. L’
nitric acid. phosphoric ncid, pcrchlvnc ac!d or the like,
alkvl M mccrm4G4 sulforuc acidz. such w arhsnesul.
fanic R&. (dumcwlronic ackl. benzcnzsulfonic ●cid.

CSlly ~c~tcblc SCM addi(ion }1111da &WCMjO~OI
memthclic rcscuan$ whereby he non-pharmaccmicnlly
acccptsbk anion is replaced by s piurmm+tically ac-
ceptable xniom o? Shsrnalivcly. by wztraliuirtg the
non.phurrmcsndeal~y acceptxbLc acid addition At @
then rtac!rn~ ,the aa-obmirmdke baw with a reagent
yielding s pharrnsceu[kxlly acceptakrk acid &ddition
salt.

T!tc czxmpoqds of rorntulat L U and 111 and thclr
phasmamwlcally a~abie add addition ull$ cxlribn
ctrodt choikfestcrtm ifdsibitbat effccw rektively low
!uxicity. s lx?ge thertpttstic mdcx and ma supcxior to
pbysosligmirte. Accordingly. tbe compounds are useful
in the trcatmenl af myaathcnia ~ravit and senile denwn-
tic. The activtty of Ihc -Pounds of formula L 11 and
111 CM be dsmcmsttwd ia warnt-bldad animals in
somrdsim- ~ith known prtidures. ●s hacinsifter de-
Krii

More cpecitlcdy, Hupcrzine ~ a rcprcsenwive
compound of the ‘bwmtion. is ●potent rcvcrdbk cho-
Iincmra$c Inhibitor which h very aelectlve for specific
-IylC!lOkiC CM.CfMCMd h is markedly different from
phyaom$mlne. h i?x3Yax.4 fhc amplirude of tnuxcle
umwsdon produced ~ d% lnldirect ckctricsl uinxulM-
tkrn of ner~cs in tiIru Lnd udng neuromuscular prcpa-
rt[lorw 1! ●lOx has marked blocking effects •~akmt cu.
rsre. A 1/138 of the LDw doqc of Hupcrzine A can
smistclhen Ihe memory INncdtmxof norms] male raii
(Ymue md brishhcu dlwknination test). The i+
acuw Icmkily of Huperxitw A lx &ut mebalf tJMt of
phylottigrrtine in rats sod xnke. Six moruh$ of sub-ecwe
tox{erty lcats on rata, rabbkt cnd dogs showzd that
when ninety rlmct the douse O( Hupcrzirte A nctda+
far clinicai pafimu IOtt’eN mymthettia grda and 7XJ
dnws lIw cquired &4age to west mile deznenzia wac
wed. nr aotksbk pathological chan~ of iawrrrsl
orgsm were observed. Mutagenicity lest (Ames tea;)
●nd rst CA rsbbir !erx!ogcrtiehy wsw were E1]ncgmlvc
for Hupwxinc A. 3H.labeNcd Hupcrxinc A wu used ro
carry out pharmacodyntmk, distribution snd ia VIVO
mefabolkrrt rctarch. ~w MudLesshowed tha~ when
11-M-Iuporxine A W- wed the concrnlratlon curwc
rmlchcd the opcm lwn compwtrmcm rswdcl. It%!\, - S.s
rrtinutcs and !$B= 119.5 rninuIItx. There WM z cetain
dietdbueion in dw brak ~hich shows that h cmr pass Ihc
blood.brch berrler. Tlerx waa only ●mlntme quantity
0( rsdiouczitiy (n evq orgstn czxxninsd ●= Rventy-
fow howa. Seven dafi xftcr Mdnglc dose Ml% WVLS
elirfdnamd tn tht urine (84.9% of lhc excreted drug
sppurbfg w;~hin WWY-four hours]. and 55% wms
climitzatd thcou#s kcs. “

Emhamixtg the ContraaJanmsplitule of Strhtcd

1. In Vhro I’hmnK Nerwc/Duphrigan Prcpcrations of
Rw.

After lhe ftst rjecapltatkurof Brx. thx thorsc:%ccvity
was opmcd mrd lhc right disphrxgsn with ●mcbcd
phrsn~ nerve w removed. Ahcr placisg it in ● Ty -
rode’s $oIutlwt (]? ~ consmm mmperatwe~ gassed
wish 95% oxyscn+ 3% COZ, clcctricnl ttimuimion
(1- !0 V, 0.51-1 c/10 d o(thcphrcnic nerve was u%?
10 produce muwlc comraclinm A transducer vu uxd
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lo record the clrntracrion amplitude on a panel r~.
carder. The rmults arc listed in Tabk f. U’hrn Hu~r.
zinc A wat used in ● 0.14; pM co~cemrstion. it in-
crcwed the electrically induced cdrxrac!lon amplirtsdc
of mu=lt by 19%. l%s acticn cowc.tponded with the
Crncemrwioa of I{uperzirse A. Lhr)wing 8 very good
dose-rmponse rclmondrip. Ths actinrt of the Haperzme
A Wm $Ilghlly weaker llsasr lttst of phywstigrrrinr end

‘ n~tigmine brx much stronger than !ha~ Or gdcsxha.
mine.

2. Anmrhrsixcd RJI end Rsbbii Sciwic Ncwefibisii\
M.wle l%epersuotr

Anesthesia was produced hr rat$ by ip ittjectionk ef 10
tn~ltg of pc~tobarbttsl and In rabbits by iv injertioa d
) g/kg of’twrthxrsc. EIcctrk nimuk:fos o( lhe pcriph.
cry ofthc wistic nerve (%IOV. 0.S m$. I dlOsI taut.rd
&inli\ corstrae!imr which w*$ recorded on $mokcd
paprr. The rmt or rsbbim given iv iajc=iom of 30
pfig of Hnpcrzine A sho~ed cnhm:cmcm of Ihc
amplitude of the electrically ssimukied mu$dc CoRtric.
lion. lnjection~ O( physxigminc. iv.. sko enhan- the
rxbbh’s tibislls muulc cort!r~ctian amplitude bu: !C I
kwer de~rm than ;hal obcwed f= the rsts. The po-
wncy of Hupcrrinc A irr thcac tea!$ wim 1.7 ●nd a !ImcI
that of phyuwigmkw ~a4k 2). 7@MUflfine @.J
mg/li c iv? campktd y blocbd dw C!cctricd y iuduc~d
musc}e comraaum. Afwr wenty mmulra of wmirwd
$tunuis(ion. ths tibulh rruwcle comrsctrart unpliwxtc
grwlually rcschcd !hc smpliuxlc obwwed &t-ore the
inyecriorr O(wbocursrk. I; Huperzine A (*CO pgfig
iv,) wss given thcr the iv. Iubocurarins Ihcrc wat
marked itthiblthn of Itrc nsbocuraritx bkx!ude. Hve
minutcx Jmer, the .amplilude of the ;ibialit muulc con-
Uactkm st -parable w that seen in Ihc ●bwnce of
tubacursrine.

TABLE 2
nr Wrnertwon.fQ%rrbor HU*WWA * u’hnk -

N*WWWUUIQ?mfi-r14hws
LnWWWrerrwsDer+e f- EWuwulgmek

Cowaelt.awitusAstrl

ENHANCING 7WE LEARNING AND M15M0XY
lWPJC170NS OF RATS

la dmnonz(mte art C!TCC;on the Icsmirrg prac- a
‘“Y” rmxe ccrndinond feflex test was wed. Exc!t csrlmd
was rquircd to go through 10 succcm’c shed.frsc
runt to be ctassifwd ●t leati. The con! ml mitrusls
●=-cpwd 11.9=&9 :hock~ before achicvins !he lcorncd
Mate while those receiv@ 1/S0 of the LDmof Huper.

6
Wte.A [0. I mg/L& iv) Ionk b.!$=z,8 snd l)x,r~c reccri.
Ing physo~igrninr (0.0s m@;. iv) rook 7.9=J.S.

To mwlu~[e the imp= On !* memory function.
Pmcmciidonedanimsl$ going ttsrtrugh S shock-free runs
wrf used *Slamed xnlmsl~ Afler t5 hours the drug-
frcc (cotwrol) mtirrtals requir~ 14,4= $.9 shucks m bc-
COme k~mad. with Htspcrzi~ A @03 mg/lg, ip) Only
6.$ = 7.2 dwcks were required while with p@wmi6-
minc (0.15 rng/lt@ 6A %3.? dtcdx were rtccded m

‘??!=$=+0,”.-=.;

Rzs.twere I!ghtly aneadwtizcd qlt eodlurn pznwbar.
bisxl supplemented Alh ether and a annuls was placed
in Ihc arodd array, Afhr the assinsxk●woke }~ IS ●nd
30 minu!m end 1~ and 3 h~un tier ~mirrtitcring iv
inje+xjone of’ 371 pC@ O( ~~.~uperzine A. 0.2 ml of
blood was bkett from the atodd amry and al ml of
wetcr #us one drop of kqueow mmnortia (pH [0) were
tided [o -h unsplc. Aflcr @ling 5 ml of !2 dlchlorsr.
ethanc, eztrutlon wca effecwd with ~hc aid of a vorIca
mixer for three uhtrrs. ~ 4ucotr$ phx~ was CA.
lractect lwkr more times wfth d~hloroctlsxnc Afwr
combk]ng k orpnic phcsa. Ute Iiqtrid w= evspo-
rowd co dryness snd the residue vms plsccd on silica
irnprqymcd filler paper end drvekped with s mizturc
Of chlO:Okmxeto*:mtihsnol~ aqueous lrrrmOnis
(@:4% I:1) mlvmrt. Mcr chromatogrlphic separation.
the 0.$ x 2 cm W @r;cspanding 10 the pcuiti~ of
non-diosctlve ~upc:xine A wes @t out ●nd cxnrnirtcd
by Ucjuid xcirrrillattin tcc.!!niqua ‘I%c time curwe crf
JH.Hu~zrnG A m tht blood discfod En om. two

COmptflmettl model of diuyibut(on. me c~mi~{<d
phxbe rue ccnxtmn and half-life period were $cprt mly
a- O.l’29 mm-l, tia_5.4 rrtiw #=0.~51 mift-j.
tl#- 119.5 min. K21-aoM6 KIO-O.CJ2W
K 1:-o.07?L Vc - L04 Wkg. Vd=L64 I/kg. the elirrti- .
nation ralc was K InAnd VC - 21.17 ml/min/k~.

Afkr giving 254 @/kg by iv injecticmaor ~H.ilup-
efzinc A to the rtrc, Orcy were Ucrificcd M differcn:
[!m~ by blotilenhg and the rxdbdtbify comestl~ of
the or~ns were m~asur-rd. Fif!een minutes sfrcr the
drug u’k$ ghmn, (M tidney And liver had the highe}~
contcrm ihe lung% tpleeu and hcrsrshcd kss and the fot
A brnln had tJtc law Two hours atlcr k drug was
~ivcrt, the r@mctivity in :hc other tbbue% w mark.
cd]y lower while thal in the brain rose di~htly. Twelve
houm ~f)cr givh~ the d- Ihc redioeuivity in eech
tlwse wm cl- to zero.

httmgsstrk fig) ~;iom of % Hupenjne A (375
pCiA@ were ~iven 14 hotm ●tlcy the asotnachs of ttrc
rats were crtsgxyand 10 Xl of blood wes removed from
the Y@of the tdl for kxxxtmncnt O( ndbctlvity.
Twenty minetm after the ig ht&crioa, the rxdioactwiry
in ttw blood hcd rhen ngticc~bly. It rcxchcd s # in
4$-60 minutes dtcr the Ic Injection and then slowly
dccreexad. %vcn houm Bfter the dru~ wm given. the
radiocctlvity Inzthe blood was ~till rehtively high.

Ma giting a 2S0 @/kg Iv ktjcction of $H-Wrpcr-
cine A, ~+”rint wu calhted ftom 0-4 ●nd 6-24
hcurs c ntrd urine wks collccscr! mpxral=)y. Aher
chrome

%
plrk mml~k s radioactive pcxk (I) was

detecr

n

“t @65-O.71 area Wch ww Jdcsrtical to
Ihal Of uns. :@ JH.Hu~rgiae A. Another radioactive.
peak (II) w found in the R/O. 17-0.2 I nrcs and reprc.
tented rnmerxbolitc of the parent compound. The ratio
of& two peaks (I]:i) grwiually iacreased wifh the time



af unrrc crrlIeClx-m.The 1!:1 rawt wa$ a~ tftcr ti~ heuri
md it w8} 1.4 m Ihc &24 hour pmmd. 71wt the drut
trwttbolilc WM roofs dow!y el)minsled into he urine
aft- going throuch the in vbw procext.

C tirtg equil]bium dialyii~ k cOuld be $hOW?Ithat lhc
protein bi~ding of .Vl+iupertinc A in thr plwnru of
rrcmnnl mice was 17.2=4.1%.

IN]+ lBI~Na ~E ~NZYME AmIVITY OF
cHoL!NESTERASE

Red blood cell marrtbrancs af rats werr used zs the
UYume for ths true cholineslera$e wuh s subwxte eon-
centra!ion af 0.J At aC$uc?ylthiochol”m iodide. The
tour- for Fudocktli-aase w-s 0. I ml of rst bled
terum and the wbs:rate was 0.4 tttM S+utwlrhlacho-
Iine bdide. The El\m~ colarimt?r%c method was used
m mc~re she wtzytne act(vity. The ~ctrtsge af
enxyme 8ctlvity fctttahting was platted 8g3in*t SLiue
lo$arithm (PI) O( lhc drug coneemfltion and k PI.W
(the nc@ve40gatithm a? the gram taobccnlc concen-
trs!lon of the dreg required 10 inhfbit the wtzyme actiw
lty SO’%1 wax dwived. Hupcfzinc A inhibited pwudo-
c!tohncst-$c kxs srxl !ruc cholirtcsmrme more than
ptiysoxigmist M neostigmine Kabk 3\

A ccnam quanti~y of true cholin=terase wst mixed
wth B certain qtranthy of inhibirot and th: cnzyrnc
activily WM meawed at dilkrmrt1imc3 ●fter mixing.
AfIcr !he Hupetzirrc A ~nd enzyme wrc mixed 10 [o
30% Wtibitian wm $ccrt very quickly. wbu!t dld nol
cltsn~e wcr a e mirtulr period. Thr Mmz rmxnw U-IS
noted fn: the r~crnb~ cholittctiefaic hrktit-.cho-
lrne chloride ●nd piamhamine. The irrcvcr%iblc cholirr.
mwraw inhibtmr DFP. however. yIc&d kreaied
inhtbttton with incubsritm time. )iupc:ziac A yielcd

. intrismr:on vs rtmc rcspanwl \irniiar Irr those d choline 1$
chloride and gl~nthamme. but dtflcrem from DFP.
Rmroving !h-e mtzymc preparation rrom Dmi~tufc wi!h
H:perzirte A am thcrt =xthtrtg rewmcd &benctivil)’ of
Ike enzyme ta %.6=4.9% of the prcincubalion value.

The above results show (ha! H~perzirw A i>s w+er~- 40
Iblc cholirtcstersie hhibitor.

TOXICITY TE~

1. Acute Toxictt y .
A r.ingle toxic dow of Huperxine A 10 mice. rmlw 6:

rabbits and dogs yielded the typical sympronm O( ch-
Iin=teraw inhibitor poitonittg. such M whole body
muscle frtwr twitching. draollng. !ccr$, iltcrca>c bron.

.

1
I
I

1

8
:hid sccreuom Jnd incottuncn~ Of (ecc~ Ind urine.
_ scwe toxlclty O( phystmigmine was 1.2$ aod 1.08
itma gremcr hen Huperzinc A in mice nnd rm ●nd
w!h wcr~ greater than thst Of galanthamtn~ The iv
‘Wtt? ‘A’1$mart mxic and the !g rorttu lent! toxic for
-IUperxine A in rats and mice (Table 4}. Ten cartsckws
‘*I} were scpmatcly given im or iv it@ctions of
).5-2 mg/k$ of HupcTzjtyc A and WetC Okrvcd m

ii$piay the kmve mentioned tout tie effc~3 rOr )-4
loun. One or Ihc two rstblw given Iv i~bns O( 2
n gr’kg of Hrr~ne A did. Thi%donage was 66 times
‘k cfktrve dos~c fbr enhancing muscle ~tractkm.
$ii dogt X4MX.fkS4Z@ vith Chbmh? WCTC separately

ihat 0J06 and I mgt%g Iv htjatiortt of HupctztrreA
with M noticeable efkcm on the carotid anew blood
prexaure and ElCO. .

L Subacutz Toxicity
Rats: 2U maht raw wwe bepamted krto two group.

~c flml gfaup was given OJ maltg ip injections of
~uparxinc A fcw 31 days whil? the SCCOMgroup (coo.
lral$) racekd the same schedok ofdittllled water. The
roudrtc blacd tcut(~hc pcrcctt %rt@otrin, mrmbc:s of
red and wh$te cdli aa wII as plstclcts~ zinc lutidlty,
mcmtninc and urea aiiro gcn were all rtrwntal. In eao!her
ICSI70 reri weft divjdcd in{o 6 group. One was givm
ip Injcction$ O( 0.5 mgArg (10 rats) another 1.5 m@g
[10 raw] of Huperzinc A and s third group (10 rots)
rcdved Oniy disti]led water each dxy for 90 days. ~C
rrmainirrs groqn ~crc given ig i*tkrns of 1,S m@ltg
i ~~ roil). J mtiktr (15 mrs) of~urwrzhtc A kach dsv for
lwdsj’a, - -

A tntdl number of [hose In groups given Iwgc dot.
ages dkd within 30-1 SO dafi whi!e {how whlctr wr.
vivcd wwe r.acrificrd ror examination, The KhM4mic-
pyrmic trmrsamima.s values of irr&&lual rat$-fmm the
group giver, ip and Ig irrjt.-ctions of 1.$ m@g dosage~
were $ligltdy high-r than Ihotc or ihe mrttral $mup.
Ho~-. W no~ccsbte efkcw on !he routine blood
tcttb. b)cd sugar. wcs nitrogen. zinc turbidity. musk
oaaphcnol turtidity mtd ECt3 were detected. hkro-
acopic exammdcm Of vw!rtrM orpn ~kxrt showed
that the heart muscle had dw-thapcd ●nd dice-shapwl
Inflsmed wcx$ accompmied by myocmilsl ccli dens. .
turaoon atrophy. Ccrctxml spongiocye growth and
myopkagls war noted ●nd a tmell number of rstx hsd
spwm ~11 growh lnbibitios and interttlrlal growth. No
sbnormaliticl ~ere obsemed in the odwr organs.

Rabbitt mtd dogx rherc wets 20 rabbits divided into
four group~ They were separately given irn injcctiom
d 0,4 m@tg of Wrpetxbtc A for 1S0 days and iv irtjec-
Utm ofo.s xn@g ad 0.6 mg~ oflhpeninc A tar 90
dnys. h comrol group was givwr im lnjocriom of
diat(llcd wmcr. Tiuac of the mbbhs gkrs im injactiorm
of O.6 m#~# #Huperzine A died bemvoctt66-136 da yc
of Mthrg the drug. but no toxic macliww were obaezvcd
before they djcd. Ten dogi were scpamtcly @vat im
!njectiorts of 0.3 and 0.6 ro~~ (3 d-s each) of Huper-
~.meA MM dlstllled water (4 dogs) fat the ccxrtttrl group
for ISO days, No Anorrrdtiet were obscmod in the
group @ven ama21dosages, but at the 0,6 m&ltg dose
there WSI nod~ble whok body rtwtsclc fiber twltch-
~. ~ ~~lOttM gMdUXl~y &CMXXd and dlsxp.
pearui foi!our

‘%
rbele3@hc rrthethtwt bcdrogrums

given. The EC showed no dmg induced abnotmfl)-
tic~ When the time &tivetL the rtiita atd dogs were
distitcd. The routine blond textt glumtnicqtyruvic
trarnwrtirmse. xiac turbidity, urea nitrogen and crcati.
nine ware all normsl. Each organ secdon was observed

,
i
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rnicrowroplcslly snd s tmsll number of rabbilt in the
group ~wen lb? drug %4 myocardlal ce]l derrmwiza.
tinn awophy WA interstitial growfih krcui in Ihcir
karts. The hearts or the dogs had }igh (s( Intiiiration.
Tbc ccrctrral corfex of’csch d+e group of mbbits and
dog~ md cerebral qmrgiocytc ~o~h and myophogm.
but lb nc.rve pronucki did not ahnw anY retrogrcuion.
This MJWSthat when s relalivdy Ixsr dobage of lluP-
crdne A was u~ed for ●longer @cd of time. Ihk could
affect the rxrvous $}wctns of the heart ond braim 7%c
ttimulatiotz of the LMlti was ●ven more ou~tuultng.

HUI-I’UW A bllbe Sk’ .M12J4.1) , Lar

b SJ I.\a-l,:t.. h aaJ40ss.0.40)

10

TABLE J‘—
VU,,IIIW7W 6( HWW,!W A I.Y : SO,

&u.

la

3. Mutation Tctts
The Amc$ method m we]] u the fwo !ypco of bacwria

TA.* sd TANU ~’hich ccr:y difkrcm mutation R fAc. M
tors were uacd w evalume rnumgeniciry when corn.
bincd with : ~tabolic activolion system (’A rr.ixcd
I!quid). Four douses d Huperzinc A, [, 10. ICOand
1,iiXI p@centuincr. were wed ad compmd withs
cyc)ophotplwnide and a mwmirm group. Ibch dotage ~j
W-mrun in triplicate wnh TAQLar TA lm ond art SUI-
malic colony counw **$ U* fc court; !hc number of
rrvcrte mutall~ colonies. ~C rCJI rcsutls ohowcd :har
there were ao ~(ictibk dWcreaccs Wween Hhpcr-

4. Teratcrlo@ Tet[t
&-1$ da~ after mice kme pregnant they were

ghwt jp @tc!ions of Ffuparzine A mrd 7-12 c!ay$ ●ficr
rabbits becmre pqnam they were given im L~c!!ons
of Hupermte A. 7%e resultsshowed rbt the number of
embryo ab$oqtiona and tdllborn fctwa for the mice
gfVCII ip in&liort of 0.]9~31 nt~ O( Hupcrzkte A
was markedly grcawr Ihan 0tc8c of l!te conwol group
(P<O.01). The mulls ofs single Ip i@crton 0( 0.38
m&V%gOf Hut%rzine A on the Lcnth day of pregnancy
were otmilar to that abmiaed w+xcnthe ‘iku8 w BiWn
many tint~ Cable 61. Wither of the two methods of
gh%g the drug rctuhcd in abncxmal cmb~rx setn with
the p@tl~~ dmg CORWOIof cod.llver oil (c~ch gram
contained $~~ imc.mationd uaits r# Virmin A and
5~ {metmalionaJ aniu of Vimrnin D). nc latter pro- -
dtJccd varicw lypea of externally ob$cmcd dcformitir$:
lk Icih (4/97), &m mtd no tail> (18/97). back lep
reversed (! 3/97), open eya (7/971 exposed brxrnk and
spins bifida (1/97). crmken ncwes(1/97) and cidr palawa
(39/40). ‘l% numbw of sti~bom fctuta amon$ the
rabbirs ~iven Im In@ions of 0.0S m-g of Hupcnjnc
A -U rtoticcabl y higher (T <0.0S) thsn thtt of zhc
control group. The other dotage group bath higher
and lower had @uca claw to th~ of the control Sroup
(P< O.0$)Csbk 6). NO cxremal, internal orgxt or akcl.

ctal dcformhiei wrc obtcr%i for any of the dosagm.

OBSERVATIONS ON THE CUNICAL r.
cUMTIVE EFFECTS OF HLIP=ZINE A ON 128

zinc A ●nd the tporttcncous rcve~ mutation colony 6~ CASES WITH MYASTliENIA t3RAVlS

number. Fwrhcr, the colony number of the potkive la Wdcr ta fbmher vsrify Huparxine Xs clinical curs.
control drug (cyclopho$phamidc) was grcaIc? dmn rhaL tiwt eflkcw ad hti its d& fi~. ~a~ ur~r= un.
or the spontaneous rcv~ mtmltian group (Tabk 5). denakcn 10 obxctve the LWarirics and differrmce$ be.
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~w-ecnHupcrxinc A wrd nctwigminc. 124 paIiems with

COmrX!y diagnowxl myl>thcnla zm~s were uud in he
wM. 69 o{ !h~ pe(icnt$tooli ncoati~ntine mt a control
group and S9 ps;ictm twed Hupen!ne A cacluaively.
TIIC conditions of t!!c clinical w O( I+@erzitte A for $
these 12S casci are wt otr! hcrcaftc.

1. METl!OMLOQY

Paflent$ ei7ecred with myasdtenia PXVk @4G) with
typical clitdcal symploms whkk improved sftcr using 10
rteoxi8rnirtc were [he tubjects tltf tuting and v@ics-
rion$ Mmmuacular imjecdons of “Auperzitrc A were
given each dxy and the curative effect> and ride cffccm

.- wcrc otaerved afler Ihe ktjec!bts. II wea generally
uaccf fO?11 )cast teo ttay~ xnd cxch tiue W& O.~.S 15
ms ~-tilmw end Huperxine A wcx used tO ~

oat double blied Crot=ver certwtd trials vhcreirt W
m: of Hupcrzirte A wit injcclcd for five days end 0.5

L&
k Iongeal 23 ytmx Itrd tic svcmgc ws about 3J
months.

62 Of Ihe ca$cs in thh group Wc ~=ie mnd ~ WHC .

kmdc. The young~ rrtxie pmacnt wet onc year old and
the oldett wai $0. The youagcaa fMnde petienl was 3
yeart old md the oldcx was 74. The ●verage rtdc artd
kmmk qe was 27.39 ycwa of sgs.

Z Results After 11’tcL%e& $lnperzirte A
(1) Axidc from one of the 12$ cs~ -It & the other

palicnta kd reactbna 10 the -ng A as re~rd$ Ihc
phydd aymptona initial bnprovcrnem rime ●nd the
optkaef curativ? cfTkcs time The thmmt phykx[
Syrtrpiont irdtixl improvcmcm “h wet 10 minmca after
&&tOft. Am MiWidod case had &C 100g~ of 3.7
hourl before them Wm Cfrecw Rbt Wetmge was
21.92= 19.S6 mintrtcs. lM & k ~ @,03%) ~d
effects Wi!hln 1s-30 mirwu

As wsrd~ the -rence of the time maximal effect
mg of ncofiigmine was in@tcd ror !ive dayswith alter. ~ among 127 of the ceacx for whkh the drug wet effcw
rtating uu of the dtugs in the control group. The injcc. tive, the dtortcst was ;8 minuwa. tlx tisest.wu 240
nons were dl givcrrin (he murnlng and on Ihc taorttitrt mmulc4 and the ●vefagx w 50J4z2$.65 mktutea. 65
prior to rhc iqjecllon~ 6nlicholineslcrase drtr~ were
dkcontinued. Ncitkr the pmimtw tror the demon knew

caaca (S!. I8%} hbd (he Optimal curelive Meet occur
vdthln 45-60 minwes uIcr tralnt the drug. See Table 7.

wtridt drug wss being injected. La@r. the symptctnm ,-

mrded. Bad on rhcfi hctor~ the rchive mcrhs cbflhc
two drngs were Wabllthed.

11. THE SMPTOM API’RAISAL S7ANDARDS M

(+)(++}snd(-++)w=u~~ihc Llatwlxrdfot
the tsrioumm> or the i ympromi. (-+ + +) IAWthe mou
acrirlw

I. Ptolnptc Of eyc]id!: the lew ~.dth of the tyc dtcr ,,
w of che drug was mcawcd, U thcm wm artincrcrn~e
of 0.2 cm above thm More otc of Ihc drug. then Ihe
effect w4m5‘+’, if the mcreasc -M 0.4 an then Iltc
Cmm Wl$ -+ -.. ind If the incmk wac 0.6 cm Ihen
~hr CffECl wet ‘+ + +-. U!

L Impainncm 10 tycball tctivit~ when the eyeball
wns WICally I’htd snd immovable !hcn if w%$
“+ + + ... thae wtm bd rcoccurlnc msjnr comptainls
and baskall~ normal hcrivltie~ were - t ““and those in
An inwrnxdmc atmr WW4 ‘- + ““.

$. Diffwultis in WMOWMU: da Wd!owhrg wm
ttill potsibze butthere was a fcding ofdifflcuhy or there
was dowmg Of (he tpeed of lhe intake of ford krr the
patient WSL wcstcd ● “+”; when the pauetw could
SWSI1O* bw it wa} very slow theta the pattern wss
‘*+ +“: ~bn the ps!icnl waa basically urmblc 10 web
low Ihc rming wai “.+ + + ‘“.

4. SyUcmk myxathanie: petlcw$ who wcw able to
walk but fch very exheusmc! wc “o+”: pmierrts who
-H tbl~ to wtad up end walk with dit71cully i.do~
dimence in Ihe ward or corridor were “+ +“: bradP
timttc who ccwfd not get out of bed were “+ ++”.

Ill. CUNICAL DATA

1. Age, &x, ?ypc and the (ham of the Dia.eaae
hacd on lhe clinical symptom& Ibou paticnl$ who

onIy hnd their extra-oculsr mwclca affccmd were of the
eye muscle type. 11 caaci (M.M%) m this S-P. Thoaa
who msttdy had tired nwcks whmt swallowing were
af themedu~a oblongste type. 10 caaca 0.81%) in Ihi$
gtmJp. Those w~ct had tired muacies in the four Iiib
WCrC Orthe ~tcmic type. M ca$ex (27.34%) In Ihit
group. The dtoneu course of the ditenxe wu 3 dxya.

2. The wtthtitrg lime of Ihe tf7cctx of Huperxinc A:
!hc ahortIsI $U${siningtime of the effect of Hupsrzinc A
WM 0.6b hmtrs and thiz wst t patient on the We mukcle
type. The k.tg%ar was 24 hours and this was obtcrved in
the ~mwc Iype M wI] u the fie muscle Iype. The
KvcTagc ~ion time wm S.94tib,~ hoar~ Th~ aclwn
time Of 44 ca- (34.64%) rcac!rcd 4-6 txmrt while the
sctbn time O( 40 mxct (31.u%) -cdcd 6 hewn. The
ahorwal time ●mong thetc 40 u wua 6 hours. attd the
!ongml wea rwarty.faur (24) hours, svertge WS$
1U41=5.10 housa.

3. Effects
Aaidc b one cue. the drug wea effccti..e ror the

other 127 catea (9941%). Amott~ thcae, 71 cztca
(53.46%) had marked tMccLsand k waa tffcctivc for 56
Cates (43,75%).,

& Lebontory Exentiaa.atlrmS
Albumla. bemochrom~ blood plxte!at, routine urine.

liver functioa and EXG cxxmimadoru on WrttC Or the
IX -aza given Ehq@ne A before tnd xftw Orey mok
tbc drut were rarrkd cm! and notw of them showed any
rmk.xbk dmereoa k slbtunk bled Patek?- and
routine urine teats before ●d ●llnr baing i@cct* ~c
whhe blood 41 noticeably decr~d ahcr the irljec.
tiorabuid this recurred In only 2 cxscs (2.4%). 2 us
had abnormal Kver functions before the injections end
both of th@e caaa Iud normal lhwr functions #her Ore
irt,jectirrata.How8ver, them -e Slko 2 cIaea (2.2Yc)
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V.hch had normal htier functicrrm before Ihc ir@ct mm
but Ih.c SGPl” WM tbnornral sflcr be injcctiorw

~c EXGS of W patiemt before rhc injecticm of
Hupcmine A were r-rded ●nd among !hex 11 cues
(I I.~s’?k) were sbnormd. ~ EKG* of72 patients afrcr
the iajcctions of ~uperzinc A were recorded and

, ●mong the 11 CC* (1527$4) wcrt LbnomtaJ. 9 of
[h= \ I were ~ng thC Qtigitd abtIQ~81 -Up and
only 2 c-= (2.7’%) wore normal before the kjcctlons
(= Table 0.

TABLE 1

KM #bare. Mm? Wddlrr fk *W--
EKG Ms#tMu,* himifeualnw

&. AP !kf!W@ I* hlklifl~ Afirf Ihr I.lircl*

5. Compsriwn of the Effrcr$ of Huperzine A md
Nc-igminc

(I) ~mparion of the maintained !imci of Ihc effccn
Comml t-tt were cwned out on 6Q cati. 17w bctioc
time Huperzine A W-mlon~ than lhal Of n-igrninc
for jt ca- (tLOW ) of (he acticxt time O! rteostigrnine
was longer rhsn !~st Of Hupe:zinc A m 6 cases (L69% ).
The actkm times O( ihc two rjrug~ wee claw In 5 -et
(726%). Afwr vatimlcal anslyscs there were V- $ig.
nitiml Mcrencm bclween W two (X:=7X$2.
p<ciml).

Among the 51 cases whwcirr he sction time of ;hc
Jiu- A was Iorrgcr lb !hel O( neoctigmhrc. the
shorxat dUT=encc was O.(Mhour& the Iorrgc$[ W*S 20
htr=s and the *v=lQC WM LPOSJ.M houm (ncTrnblc
9).

TABLE 9
5wttie .sa*dk,tw{OfS$- U*M Ik m- Ime of

~WWW.A 8’,, !OIM*f l~pl ,h.t of WMUFFJW

Dir. Dir. m. DJ.
r== brmc kfcmr km Averqe
Wrhh 2A IXT8MXC

-r- > How. M-a H-21 +“:n x = SD {h4ur8}

>s cam 29 4 9 IOm - ).44 -
-. .W ;:.03“ $.H - IIoa

bs
Among the 6 casa whereht the .ctloo time of the

I?upcdne A was kzs than that of the ncrrstigrninc. the

shrxtcst was 0.3 hours sod the longest was 6 hourt.

14
FOWOf !he$e ca%t were within onc hour whi!c the

other IWG WC;C I.b Md Ij hourt.

(~) COmpcriWn Qf lhc sc!ion $lrCngth\: IhC irrysctcd
d-~ O( Hupcrtine A was 0.4 Mg w~ea. 0.s mg of
ncowigminr w= used. (Xven th~ dosag~ the action
Of \he rormer WM $tr~ger timrr that of @ b[lcr in 16
of the awi The Ictmtt urmgth of Ibc former wss
lower than :hu of tic lsItcr k 7 cax~ There were
basictily no diJTwxtc~ between the two in 44 of the
cxc3 ●nd it an thcrcforc be said Ihat under these dos-
age tltc ac:lotr slr~gthi O( * are not vcv &icrcrIL

(J) C-amwitort of tbe Iidc dktx among conmoi
psficm& $4 cxscs hsd ddc ti~$ km the ne@grnlac
(49.27%) WhW?M 4$ catu (d5d) %) hsd side cf’fccu
from Rhe injdom Or H~nc & St.a;isticaJ anal}=
showed that tkrc were no significant dlKe:mcm
(x~-).~h P>o.o$. “

Among \bc more frequently oocurlng side ct%ct~
were p~ring, mu- snd blurred tidon W [hrcc

revcaJ cd merited W&em-m ixkstically between tlw
NW drugs(fhcsr We =parate)y nmsea X: u IS,
P cO.031; penpirittg X:=5.5. P <t).Ok blurred vision
X:= 12,96 P <0.MI). There ‘were no marked ditTcr.
crtces in ~he occttrrmcc mcs or other ddc effecm
Thcreloic. ntostigmlnc rnwe notkbiy Ihan Hypcr.
zinc A caused pcnplrirrg and bturred vision but Hupcr.
zinc A wa$ more qrf to ausa nausea thtrt W8Lneottig.
mine. [font compsref the rue or ~u~ne A far 128
pmicnts md the yLCof neatigmine for 69 ~ only {n
tlw area of nam.ca wu the pcrccmsgc Or Its occurrmcc
g?e~tcr !hm thst of neosti~nc. ~~c w= tignificnrrt
smtistkxl dffercnce (’x:-&99, P c(LOS). The !!upcr-
zinc A M low s$& wcct$. for uch d the other items
than ncosdgmh imcluding muscle bundle quivxring.
dizxirress. pertpirjng and blufr~ vkbn, SWlmic$t mal-
y~l thow@ d~ifksnt d!f7ermcc. (x:-4 I& P <0.0S,
x1- 36.25, P< O.WI, X?- 15.1X P< OCO1. X2-4452.
P <0.rWl rctpcclivcly.) See Tab!c IO. Both the ttmifi
tics and pr~ing showednoriccab}c dlfk:cn~ and
we can ths &ISI]y ~ to tk conclusion the Hup.
crzine A k sups ;a neot;i~.miss. ~U is especially
true M regardz the xritxt rime lcrrgth of Hupcrzinc A
whkh is itJ outsrarrdjng furttre, This is ac?tmll y the
msjor drnwbeck in the cMc81 UK of ncoali~mine.

(~) Compctium &twcm Hupcrzinc A M mcottlg-
utitw B* on the abow fsct~ the elktivc time of
Hupcmirte A wa$ dgrdflundy larscr thao ncoscigmitic.
Tkc frequency of the var%us dde cffectk _lly
muscle bundle qu!vcr{ng. d!dncss, ~spimicm. and
blurred vitlo~ Hu-e A wu statistically lowcr !ha.rr
-tigmitm

&sod on lhe skve dats on thh @up of128 patkn;~
k can be considered thatHupcrnrx A k an effective
antichcdincstcrwe dmg for ttyatins tttya@hcnfa grsvix.
It did mm kave any cignifi~m negttive eff~ on the
maJor grgan~ for cxampIG luqtq kkincy. hcurt and the
hcrnal~ictic sysx~ and the cllrrical ~urrencc rate
of side cfl~t; wm low. Addc from us- k hsd lower
tide effects in all other ●rest than ncostigrninc. hbe-
over, the fact thst ht carrmive e~ca action Unt? was
noti~bly Icmg:r than rhm of rwostigm{ac is it$ mu’or
outsmnding Murc.
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Qsmd on the fact that Hup.cr4inc A ?oYxcwcs definite”
pha~yoamk activity and a rabtivdy large thera-
.pawic index, it was c!iniully tcxlcd. The rsultt of he la
!fistmcxtt of 123 cmcs with mysdwnis grwis showed
(MI the iIIIrU!W.CUIJr injemiorrt d 0.4 mu. of Iiupcr. ~AMPLE 1
zirw A a @ble to dctlnilely Improve the myaxlktia
gratis ,coudidan or the pxtienm tts aualahtcd Ilmc of

~~!-~i~n # (~x 9~

s~ion was longer than iha; of ncoatfgxnhte and it hxd M 1lE).$.amin& I I#hy~~ae$.6.1G\~hyd~ 7.meth.

Iaww side cffcct5. The intrsm~tllar ln~tioni of ]3 or yl.$.9mdban~c~]~ b]pyMin.2(lHxc

50 pg of Hupcrxint A itt 58 m= d ccrcbral snerioule- (HUpcrxiac Aj

mxis lcomnpcntcd by senile dementia wa$ effective in About 100 ~ dry weight of the crushed, powdered
Improving rncmory furrcdonx. plant: Hupwxia tcmIL mud.) Trcv.. w-s placed in a

A cornpounc! cf formula 1, 1] or ]11, w J $ah thcrcef. )0 corrlaincf, and ~tractcd with refhxing W% cthxnoi
or B com~t”m corrtairrirr$a Iherqmuticslly cffccttve tcversl rinm. The amhind ethanol exlracts were
amount of A cem~wrd of formula L 11or 1]1. or a xalr cvn~rs~~ M b r~;d~ which ~.$ IUIX in dilu[e
Ihcrcof cm be adrniniti!crcclby mclhod$ well known in aqucou~ hydrochloric acid (1-2%) tnd extracted with
rhe am. Thus. a compound of formula 1, 11 or 1[1,or s ethyl ether ta WMrwe impwhbt. The aqrrcom layer
MII thereof can tx admtni$lercd either tingly or with JS was then neutralkd w“th concentrated ●aucous ammc-
o!her pharmactwicd ngcnm. ror czampk. oraily, pareiI.

!crally or rrctdly. For urn} udm{nl$wa[ion they can be
admmislwcd in the form or tablm. capzulet, for cxsm.
pie. m aam!xturc with Iatc. kmrch. mf:k Lugw or other
inert irrgrcdicmw. t~w is, phswrt~entlcally scxeptable
carrien. or in the form nf ●qucous IOIU;1OM,tu~pcn.
SIOI!$,eliair$ of aqueous alcohollc t.alu!bnt, ror cxxnr.
plc, in adrmxmrc with tugx or other twecfcnlng IgcntL
Ilovoring agctttt, coloram$. thkkcncr$ snd other con.
vcntiortal pharmacrut}cxt excipicrtw. For parenwrsl
admini$trztiom they can br admirtitrercd itt tolu; ion Or
mrspens{orh for eumple. an iqucrnrg or pcarw oil 4otu.
tiort or tusperwimr wing ●xcip;etttsand cxriert ccovctr.
tionnl for this mode of adrnimsrrmion.

in the prae!ice O( rhe irrvcrttiort,the dmc t-is cow
pmmd of formtrla L Xl or 111,or a aah ~heroof m be
adrnmiawrcd ard the frqucncy of timirtistrmiotr will
be depcttdertl on the potency and duratlorrof actIvlty of
the particular compound of formula 1, 11or 111.or tslt
m be ●dm-cmd and on the route of admird:trmiorr, xa
wel[ x the ~ry orth ccmdk!on, age of the mammal

rti ad rhc Iotal alkdod were cx[raet~ into chloro-
form. After paraslly ~Irnting Ihe chloroform so-
Mon. NW solution wat ?epca\edly extracted with ]7.

10 be muted d the W. Doses of t ccmrpoundof
fotmu]s I or d eah thereof contempblcd for w [n prac.
ticing the i~tlon. for the trutmeot 0( rnyoalhcnia
grmm xc in the range of from -bout 0.01 10 about 25 60
mS per day, preferably Ibout ~! to ●bout 10 rng ehher
- ~ WY8 dote or in divided dowt, and for the wear.
mmrt 3{ a@tc dancntla are In me rarrgt of from shout
0.10 to xbm! 100 m~ per day. preferably about 1.010
about fi mg. cifhcr ● a xhrgle daae or iri dlvldcd doam, 65

The Examples which Wow Mther Iherratc Ihc
Irrvenliort. AII ~pcrarures are in degrcti cmtigradc,
unlmt otherwise xxtcd.

mdium hydmxkt~ Tbc @ium hydrotic [ayer was
then neutrallxcd whtr conaratcd hydrochloric acid.
●nd auain brought back 10 pH gttercr [hen 10 with
coaeemrar cd wtwnonk. Thi* squeous trolutlan wm cx-
wac!ed WIUI chlcImform And !he rexlduc rrom the chto.
reform extrscts was chrorrrato~-sphcd 09 ri)ica Scl
cahmn. Soiwmt sya-rmt used was ohlorororm.
mefhcnol, 98:2; 97.3: xnd %:4 rmio h >uccetdon, Frac-
tiom from rhe cltmrnwosraphy were xrtalyxcd by TLC
mrd those with a alagle apt wcm combined. After td.
vent removal, Ibe rexldw wDf t%ystalllzcd hat acetone
10 ~uc crude (5R, 9R, llE)-S-mnin&l l-cihylidenc.
$,69. l*arsh~r~7-~*hyl.5 .>m@~~dwaa
[b)pyridin-Z(lH>one (Hupmittc A), dmttt 10 E yickis
ran (XX)S% IQ 031 17Z of nartlng dry powdered p)mtt.

The tie ~wperxbtc A wxs wtalyxcd to be abow
9s% pure or beelcr and ootrtahtrd abou( 1% (4sR, 5R,
[@ R>l,U.4,4a.3,&l~ ti~12.methyl.S,I&
~op*l,7.@aanthmlk.~~~ @Iuperzine B).
Thi} material with 4 mp of 221’-229” C.. w trtcd in
dinid wiala.

TQ hxtkr ptrrw lfwpcrSmC A: the crude rnawrial
was rcdrronratog~hd uairtgthe dtlomfomn: mctha-
rml rolvcm rdxmre or recryetalllxcd fkont methwtol.
hcemrre mlxrtm. The pucemmcrtalhasmp 220’ C.

m, w:. Cl~H @?@I 243.1426 (BY maxs cpectrcwopy), .
[a]~$- 150.4’ (cone. &494 ~ ~cj~o)).
W max. (tthmol) 231 rrm(loge 4.01):313 am (log c

lt9).
JR: 1650, ISSC* 34&u, 33q 3269 cm-1.
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EXAMPLE I

!solmion of (4aR. 3R.
lWKpl~.3,4.4a5, b.lk;tiydro-l 2-mcthyi.3. I(X-

p~o-1.7”phcwnlhrolia-W7H I-one (Mwrzint B) f

Yhe crude msrerrsl ixrhd born hwr fmctiont or the
chromntogrtph eohrtrm wab found la & t mkror cam-

, pon.mt. Further putiflcaiion Involvcd rcchremazo.
graphing on stiia gel using t dvem system ofcfdoro. ,0
forrn.acscnc-mcrhanol la W47:3 ratio. The urmeri,al
cdlccrcd llmnr the cdumrt wa.t rccryatalKxed from ace
tone to give pure (41R. SR. J*RPl,Z3,3,4a.5,6,1~.

&
Octdr o.12.raelhyl-$. IOb-proputo- l,7-pbcrtmthrolin-
M7M s ~upetitw Bk m-p. 27&-271. c. 1s

m. wt. CIJf@@. 356. 11$~(by ntxu WCIrOWIpy).
[c]I$: - S4.2- /ccmc. 0.103% in metbnol).
Yield aCC08JS% bed @t dry #ant (8.33X 10-*).

- EUMPLE 3 20
Preparation or (SR.9%

1lEF I l-cthyliiene.S,6.9 .l&tcwxhydra-7-methyl-5-
(mabylatinoh5.9 .maham~c!~m(b]p@ din.

XlH)-one
25

77re mane-me[hyl dcrivatlvc of Hupcrztne A wm
prepared from Hupcrzinc A ( 150 reg.) by rhc lreawncm
withqwrhyl todide {1 ml.) in methanol (0.S ml.) mrd
accr onc (2 ml.) ovcrmglw A firr concentrating. prod UC!
W4S req3taIlitcr! from scctonc (yitld 120 reg.) .W

mp 2JS*-Z36. C.
Nfs 256 (M-L

EXAMPLE 4

I%cpuration of(5R. 9R. ]~

1IE.)-l l-ct)lylidcne-5 .6.9,1Llmrnhydr-7*c~hy l.5-
[dimcthyls.mtno >~.~-me!b*ycX!s[ b)pyridin.

2(il-l Wrc

l%c di-rncthyl dcriva!ivc of Hupcrzinc A WR*ob. ,.
Idncd try the tremntcnt of Hupcraric A (150 reg.) with ‘
formic amd (8gZ, I ml.) and fonruldchyde (35%. I ml.)
m l@J” C. for 4 hrurt. Afkr conce~rating under r?.
ducetl prcwwe and bxsifymg -~h con~ ammonium
hydroxide, tk dcthcd producr was cxrrncwd wilh
chloroform R~ryscxlli=tlcm from a cb\oroform-
mcthanat mialure give pure tiIIc canrpound (yield 1~0
mg.1.

rnp zag-x$’ “c.
MS :?0 (M - ).

EXAMPLE S

Prcpar~lion B/ (5R. 9X,
1IE) 1 ~-crhylIdcne.5,6.9, 10-wsrahydr- 1,74hncthyh5.

(tii.ncthyb\nh~J.%mtihm~dtia~]~Min-
2(lH)-onc

The title trimcthyl dcrhwive of Hupernne A U“at
obtained by rnethykllon of Hrrpcranx A (1 SO reg.) with

dimcthyl ttd[atc (3 ml.) in acc!one (10 ml.) Bnd 20%
aqueous xcdium hydroxide (4 ref.) aI rafhx. After rltree
(3) haum the mixture ~U ●x(ractcd with chloroform
TLC andyxia C#ihi> extrnct $howcd twn SPOW.Purific*.
don by silict gel celurrm ckrorrwography (chloroform
● ccdvcrtq Impurity being eluIcd flrw) gsve the tri.
methyl derivative os an oil (yield \ 10 reg.). ~ title
comparnd is an oi!.

MS ZM (M-).

18

EXAMPLE 6

pmPwstm of (4aR. 5R.
lURFl,2J.4.~&5,6,1 Xt,tiydro.l.12dimelhyl.

5. K3b-pro~n~ L7.pknarrthroiin-6(7 H)-o*

Mcthylaliott of Hupcrxine B (ISO mg) accrmdin~ to
th.c mehod M urilized in Exarrrptc 4 ~s~e (49R. 5R,
iObR)- 1,2J,4.4&t.&10b-omahydro.l .12dimethyl.
$.lob-propcna- 1.7-2hcnanihrolin-~77{ ~ne, rec~tM.
lixcd from methanol (yield 150 mg,).

m.p. 1?2’-273- C.
Ms2m(M”).

EXA”MPLE 7

i%~rlt!arr of (4& 5R, 10bR,
13)- ),?J.4,4&5,6.1 W-tshydz~ lo12-3imcthyl-I Ob,5.

Ppl.7-pknaArrotis-J5(7Fihne
Monrwacthy! Hupc~ne. B ( ]40 tn~.) was hydroge.

nalcd m the p-e of pklnurn oxkk (ltX reg.) md
acetic acid (S rd.). Afkr @xifi@lan with ammonium
hydroxide and e=actiarr into chlorofom. rhe titlr
product wai recfysmllizcd from chloroform.m!hatlol

(yield IYI reg.).
mp. 261*-3” c.
MS 272 (M -).

EXAMPLE 8

Prcpalaiion of (lR.
9R).5.m,no.l l~thyl. \,6.9,1&tc:rthy dm.7.mcthy).5.9.

rnetkn~yc!wf~[b] pyridk.UIH>oac

Hydrosenttion of Hrrpcrzti A [I!Ic2reg.) In the prcs-
encc of pbturum oxidc (60 reg.) in ethanol (20 mi. ) SBVC

[he Iitle dlhydrahapmine .A, where the former exe.
doub~e bond is raturllcd. This rnarhl wa; purified by
silic~ gel =iumn chromswgraphy @lOrOfO~.

methanol, 15:1 xx coivcm) followed by rccrysmJIizxtian
from methanoi-sccronc (yield ICOmg).

m.p. 269=.27U C. “
Ms 244 Of-).

EXAMPLE 9

Prcparznrm of (XL
9R)-5-arnino-l l+thyl.5,47,8.9,1 &he=hydm.7-mhyl.

J,9.methan~~!~~ip@m-2( l!-1).one

Hupcrxinc A (21YIm&) waa hydragwxxd trrthe pres.
encc of piallnum oxide (1~ mz.) snd acetic acid (iO
ml.). Aficr bstifhtion mrd exwacriatr in[o ch]orofomt.
the title te:rshydrohupcrzine A was rtcryttdlixcd from
a methanol.aetx mixture (yield IW reg.).

rtr.p. Iu.-$” c.
MS 266 (M*).

.
EXAMPLE 10

Prcparadon of (5R. 9R,
1lE).5,(Ecctyhnirro).11 ~hylfdcnc.5.6,9, 10-le!rahy-

dr@7.mctiyl-S.9. methsx~i~ta[b]p@ tin-
2(1H)urre

The tllkrf N-tceyi Huperxinc A derrva;ivc wpx pm.
p-d by :rcsting Hupcrzk A (iCO reg.) wifh acetic
snh ydndc !1 ml.) and pyridlrx (0.5 mL) a! room tcrnpcr.
atu:c for one wec!x. Thh mixture was patrrcd Into ice. .
wstm and cxtraclcd wi~h chlorcrfonn. The chlrrro{orm
ext:act W= Corrccntrmcd and purified by ailics gcl cd.

umn chramatosraphy (chhofoma-methamd. ]$:] is
tcdvem] srrd rtcrytm{l{xmion from acelone (yield 103
me.).
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mp. 276--7*C -
MS 284 (M-).

EXA.MJ7& I I

An inje&ion of the foikwing compo~iwm is prepared :

in Ittc Uu.mi ITJinncr:

we c~~:
1. Esacntially pure (4aR, SR tObR). 1,2.J.4,4~5,~ 10b- ~,

“oct.ahydro- 12+ncrh yl.z 10bpropcrm- 1,7-phcnsnthroJin-
WH)wwre.

2. A plwrnaceutically qtabk KU addi&ur UIlt or
(~a% 5R. lCW). ),Aj,4.4&5.6,1~~hy dm12.mtih-
YI-3,1Ob-prOpenO. 1,7-phe*thmtin.M7 HMne.

3. A cempourtd of ~he formula 10

. II

b
n’

lLJ’
M

Cr+l(”l{: “/’\
X’ x:

. 1?1

25

30

whcmln R!, k: and R.! inde~dtmly we hydrogcn Or ,5
IOUW dkyt. Ihc doncd ( . . . ) lirrc ix an optiawd double
bred, and provided hat in (ormuh 111one of Ri, R~snd
R J is other rhan hydrugcn, or a phzrm~ccutiull y rlc-
qtable acid tidilion tall ihcrcof,

4. A compound. ia accwdarrcc with clsim 3, of [he so
formula

.
whcrem RI snd, RJ {ndependcntly are hyclmgcn or
I(VWWalkyl. nnd provkkd Ih( me of Rl and R: is othtv ~

20
Ihmrr hyr!rosen. w t phsrmaccu!icall) sccqlablc s:icl
addition u]t thereof. .

L A compound. m sccardsnce with clsim 4. [4*R.
5R. ltiR>l.Ll,~,h.5, &lWstxlIydr@l.124 irncthyl-
~,] *Ffopata. l.?-pitmanthrolin... 7H~ne.

& A compound. in accordance wtth ciaim 3, of k
formula

9=.-J
R.’

A #o
H

A
\

Ctl>cn: /N\ n:

whercm R’, R:, and R) inddp$ndmtly are hydrogen or’
lower slkyl and the dci!ed ( . . . ) line IS an opriond
double bad or s pharmtcatblly ~mblc Ad
sdditlon xah tttencd.

7. A compound, hr acumchcc with claim 6. (5R.
9Rkj+mia>l l+thyJ-5,6,9, )&mmh~r&7.~tiyl-S.%
~ititiyd=a(b]p~dln.2( lHhne.

8. A apound, in lccordan~ with claim 4, (5X.
9R b5-wr&to.l l-.ethyl-5.6,?.3.9, lb-hcxah ydro.7-methyl-
$,9~tibanmyctict~]pWldb2(l Hkmc.

9. A ph~ctwtical &%p@tiun comprising aft cf-
fcclivc amouru of nn Uxrtlidly pure comr~und of a
rOrmuh

\ 11

N

!11

wbcr+t R1,RI and R) [ndepcodcndy are hydrogen or
~wer ~Y1. Sd * dor~d ( ., . ) Ike it ●n aptianal
double bmwi or s phtrrnscwxicaily scccpr,atdc acid
uldlrlon MII thcr’ccf and an inert pharmxeukd x.
rim!

10. A phumactntkai composition, in accord.ancc
WIIII Cki81 9, wherein the _und is (*R. 5R,
IWR}l,2J.4,4&5,6, !@-tiydr~l 2-tneth@S.10b-
propcrto-1,7-phcnanthrolin-8( 7H)-one.

****.
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Section 4

Huperzine A
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help establbhin~ its drug administration

Schcdulc. . M23UIODS: For 6 volunte~-s after

a single Oral dese of 0.99 rag ~ drug concentra-

tions in plasma wa-e assayed hy rtve.&e phase

high pressure liquid chromatography (HPLC )
,

●tO.5, 0.75, LO, 1*25, 1-5) 29 4, 6~ 81.

and 10 h. The pharmacokinetic parameters

were calculated with a 3P87 program by cam-

puter. RESULTS: The time COursc ~[ plasma

concertt~do~ cotiformed to u one-compart-

ment open model with a first order absorp-

~ion. The pharmacokinctie pa.tametc~s were

as 1011ows, T+i, = 12.6 Knin, T+. = 288. S

m.in~ T- =79.6 tnin, C- =58.4 pg L-’)

AUC == 4.1 mg L-l min. CONCLUSION’,

F!uP-A was absorbed rapidly. dis:zibutcd

widely in the body, and eliminated at a rncder -

ate rate.

KEY WORDS hupc:zinc A; c!m!inesterxse

inhibitors; high prsssure liquid ch:ematogra-

phy; pharmacokinetics; phase I ciinlcal trials
I

. Huperzine A (~up-A 1 t a nc’v alkaloid

first isolated {rOrn c~incse herb Hupmzia J=-

. rater (Thunh) TrcvaJ “ ‘* exlt:bltcd a scIeztive in-

hibiticrrl m acetylcholincstcrase ( AChE )Cu.

It potentiaterf the skeletal muscle cantractiran

and increased musck tones g), ●nd enhanced

rodent learning and rnem.oryc’l. Clinically,

‘The’plaimi 1CV4 O( ~up-AfaIlo&g’iw’ or _iB.::‘~;!:.$~’:~~~..-.-.=,.’. ,. ‘-. -::.,

CSR]HUP-A 13.9 MBq kg-! in”rkti’”derdined in’-jj:~$fi~<

two phases’; the “distribution pfiE~.s ●nd the’ :-. ,~.’, .-,
,, ,! r--- -

●limirmtion phase ~ wirh h~lf-Iiv= ‘0[ 6.6, 149 . . ; ;

d~ Gv) and 10, 203 ~’n (ig) rcspe=tivc]ym>.
. . . . . . ,

This papc: waa to study the ph-acnkinetics i
of Hup-A in healthy volunte~-s m help estab-

lishing its drug adminktratiort scheduIe in

clinic. \

MATEIUALS AND METHObS i

Drug According tn Chin=e National Scand&-d

+ tablet HUP-A (Fxcb ~ 94alu!) was prepsmi by At
‘, f hdtutt rsf MstsAa Mr.dira, Zhejiang Acsde.mY ~f

Mdical %encw. ~c pUriLy of ~up-~ was 99.5 %.

EA cddec cofxurrs HuD-A O- 09 trig- ( A )-Diner

liup-A ● irtm.rxsl smtdiud was synthe~izcd ●nd pcz-

aenwd kindly by Dr ~ Xu-Cbarig, Shanrg$ti Institute

ai MataAa kl~im, Chinese Academy of ~mc=s. ●nd

,3 m.~ ~-’ WM used for cxp~-imdntt

Subjects Sk Ctinl=c Volunte=s (M 3, F 3).

aged 27= 13s and wa:ghlng Sa+7 k~ WE:C sIl hcslthy.

not in pregnant Or rne.3slruation- Each mlun~e~” wv

~;f

udrl ●bout the aim and pracss of AC wudy., Agrce-
.(

mcxs w--e obtained lrcrm them befare study. EAC!J

~Ubjeet was @xI s singh: oral dose or O. 99 mg Hup-A
,
t

tablcc CL 8 am -ftsr brr overnight fesuwg- P,redfsst ;

wu s~ed ac 10 ttn. Bl@d (S ti ) was collected ;

f:om m Indwrd]hug cmLhcux in Qntecubiud vein before t

widrnc O. Z5*LS* 0.75. 1.0, 1.2S, 1.5,2. t, 6.8; \

●nd Id h ●fter p~ PIUM (2 ti) WM ~kcn for ~ ~

HPLC. Phannaceklwk pa~mat~= wet: obtdned by j ~:: ~

firm dcuhJnR the pes~metm horn cnch persofi ~nd !
Hup-A improved muscle wcakrtcss cri mysz-

,,,

‘ Praj=t suPpomcd in pm by the ~mcc Foundaaon of ~hen ding averaKe Uf the 6 parsmc:=-s, usirm s 3p87

?%jiin~ H.slrh E.tm.. ?@92a4& progr~m Drotided by Clainasc Ms&ematic-Ph~m~-

Rcewiwd19W-UWJ5
~ ,’ ;.
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#az co~nectcd. to SPD-6A uv spccrrophotomr~ric dc

Lc16; (Stirnadzu) and Rlreodyn 71zS sampler, record-

!d on C-R3A integrator (Shimadzu ). The column

was ● Spherisorb C18 (150 mmX S mm inner dime.

:er; 5 pm particls size}. The mnbilc phnse wir5

me(hanr.r[: wa~er (45:s5, VOIIVCJ). 1.0 nil. rein-’ at

30 U column oven. Th_ column ●ffltIe IIt wns morli.

l~red at 313 nm.

Plasma sample Add ( + )-dioor l-lup. A lr30 III.

to plnsma 2 ml. , ~dd Nal~L),-Nail(X)] Luf(cr I ml.

(using NaOH 1 mol [.-’ In wljuxr p}{ to 11, 9). Th~n

add chloroform 7. 5 rrIL, shfike ?, min , and rtnrrifugc

at 1000X~ for 10 rnln. The organic PIM$C was hlowr)

to dryness by N] at @ t. i3isscrlwe the residue wirh

fIP1.C mobile phase 50 p[., and 20 PI. was applid 10

HP1.Ct IIuP-A peak and ( k )-rlinor Hup A penk

were separated clearly. The retention time~ (RI ) of

( * )-diner Hup-A and lltIp-A were 3.5 and 8.3 min,

respectively (Fig I ).

1

I 2

Fig 1.

Internal

I

was ]. 60 pg 1,-1, Th. recovery br f-!up-~ was 9S. 7

A 5.5 % ( v _ 9 ) rrnd coerficicrrl Or variolion was

6.4 %. According to mcaauremento of 3 ●~ndard

phtmna HuP-A concentration. ~ntraday and interdaY

Vnrinnces were 5S 5 % - 7,4 % (n==9)and6.0%–

9.9 )4 (17=9 ~, respectively,

RESULTS

I’hr plasma concenrratinns of k{up-A af

tcr oral administration of O. 99 mg witl)ir~ 10 h

were fitted WCII to a nrm ,cornpartmen~ open

model with a f~rst order absorplirxr {Fig z).

w ~ Mean plasmn crmcentrarlofi-time CUtWe d’ier

go M)let Hup-A 0.99 mg In 6 adult~.

HuP-A wrts absorbed quickly after PO

1
with T+*. = 12. 6 min and time peak for plasma

sveraged 79. 6 min. It indicated that ~up-A

wos rclcnscd snd rsl)sotbetl quite well in vivo.

Plasma mean peak concentratic>n after PO was

8.4 pg !.-’ , Vd/F was ~. 108 L. kg-l, indicar-

ir!g th~l HIIp A wti$t widt:ly t!iw[ributed in

Chrmnamgram or blank pl~snla spiked wllh
slandard (pcmk 1, rc[crrtlun time 3. s mirr)

xnd IIuP-A (peak z, retenlbtt tlmc U- 3 zrtint,

S(andarrt curve To tile pl~.fmfi mflltiining ~ * )

dincrr ~lIIP-A add klIIp-A 2.20, 4, 43, 7. ng, 8.87, and

[7,70 pg 1.-’, nccurding to rhc rnti~ or I lIIp-A peak

area 10 t A ~ diner liup-A pezk ~reo in }1[’[.~’. fi l;rle~r

equrrtioll Y = 0. 01S8, % ‘. D 006u was nhrilincd ( r =

r), 99RR j, The minimal dctcc( limi[ Of plasma IIIIp-,A

ZI;tlo . Mean elimination half life T+,, wits

288, !5 rnin. suggesting that Hup A have ~

mild elimirlti(iun ra[e (Trib I),

DISCUSSION

Hup-A SIIOWW1 some ad~?antages, com

p;IW(l with the first generarirm Of ch~ in-

hlbitots SUCII ~s physosrigmine ( Phy ) am-f

telrnhyclron n]innilcrillillt: (THA ) . LD~a value

in rnicu for }ILIp-A ip wns I. 8 rrrg kg ‘ and
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Tab 1. Pharrnacokhtttlc pararnc[er~ of fIup.A arter

PO tablcl 0, 99 mg In 6 healthy volunteers, I?*s,

Par4rnetQr F“*J

K. mifi”” f),061+o,(l17
K, ~in-l 0. 002s+4. tMlo6
T}a, min 13*5
-1’+K. mi n 28U* 6:i
I
. .

rnin 8ok9
c:; pgL”l R. 4*0,9
Tr., min 25,4il. g
VAIF L kg-’ O. 108A n, t)nB
AUC mg L-l min 4. 1*1.2

——

thrrt for Phy was O. 6 rng kg-1C4}. l-fup-A at

optirrlal doses has a Iorlg [erm inhibition O(

AChE in tat brain (up to 360 tuin) and only 60

min for Phy C’J. The results of this paper

showed that in !)uman being T+4. of Hup-A

was 288. S min. Ilowevcr , for My the 7~i,

was 20 mine”. llup-A WiIS alrsorbetl rspidly,

distributed widely in the body and eliminator.i

at a middle ratec”. Th~re[ore it is better 10

take tablet Hup-A orally 2-3 times a day.

Ax a new ChII inhibitor, Hup-A shows

some interesting cholinott]in~cric properties

and its effects satisfy more closely established

criteria for ~herapeutic use titan uffecrs of pre-

viously teatcd corr)pounds, IIup-A is a nuw

promising ChE inhibitor.
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ACUTE AND CHRONIC STUDIES WITH THE
ANTICHOLINESTER.ASE HUPERZINE A: EFFECT ON

CENTRAL NERVOUS SYSTEM CHOLINERCrIC
PARAMETERS

S. LAGAN&.’ JANICE COREY,’ X.-C. TANG,’ E. WGIERF and [. HANIN’

‘Loyola Univemity Chicago. S[ritcts School or Mcdicinc. -7160 South Fkst Avenue. Mzywood. IL 60153.
LISA. and :~CB ~. pharrnaceutiu[ Sector, Bmine L“Allcnd. Bmsscis. Be/gium

(Accepred 6 December 1990)

Summary-High affinity choline transport. choline acc:ylumssferxsc (ChA17 and ~cetylcholincsscrasc
(AChE) were xsscssd in ratsafterXUMandchronic~dmjni$t~~onOr ~C AchE inhibi~.or Hu~~nC A.
Acute t=tmcnc Forty-five min aft= a single inj=ion of Hu~fine A (0.5 ms’kx i.p) the activity Or
AChE waasignificantly dccrexscd by I*JO% in hippocampus. smkuum md septum. The activity of ChAT
was not altered. In she hippocampus high aftinity c!soline trwssporr was attenutd by 25%. whereas no
efkct in she swiatum was obscmcd. After 90 min. both inhibition of ACh E Ind mernxxicm of high dlinity
choline transport had rcLurncd to control WLIUCS. A do= of 0.1 mg’kg (i. p.) did not produce significxn[
effects. Simi[ar rcsuks wre oblaincd with physoscigmine (0.25 mg/kg), although the duration of inhibition
of AChE was shor!cr thxr that with Hupcrnne A.

Chronic treatment: Mcr 5 days (wit: a day). at 0.5 m~kg. the activity of ACM was significantly
reduced by 20-30?$ in CVCSY region Of she br~in smdicd. High affini[y choltnc transport in the
hippocampu was reduced by 28%, 6 min after {he last injcctiom but in Lhe suia!um !hcrc was no effect.
TX activity of Ch.+T was not affected in Sny region of the bmin studied. Thus. acute or chronic trcatmcm

with Hupctine A; did not .sItcr ChAT; rcduccd high Iffinity clsolinc transport in (hc hippocarr!pus in a
transient mmsncc and had 3 longer duration of action as m AChE inhibitor than physostignrinc.
Moreover. tolerance to lo~-toxiaty doses of Hupctinc A was minimal. comnsry co w’hac has km
obsawd with ocher inhibico= or AChE.

Key wrdr-c!rronic, Hupes=inc A. antic!rolinestem=. HAChT. ChAT. Alz!!cimc+s disc~e.

The new cholincsterase (ACh E) inhibitor Hupcrnnc
A (Fig. 1) is an alkaloid extracted from a L,vcopodhmr
found in China. [c was reported to ameliorate k~m-
ing and memory retcn[ion in rodents (Lu, ”Shou and
Tang, 1988: Tang. Han, Chen and Zhu, 1986; Zhu
and Tang, 1988). lMoreover, improvements in mem-
oq, lasting for scwxal hours after a single intramus-
cular injcc~ion. were reported in patients affcctcd by
impaimscrtt of memory or A1zhcimcr’s dk.czsc (AD)
(Zhang, 1986).

Recently, the acute action of Hupctine A was
investigated in the CM of the rat by Tang, De Same,
Sugaya and Giacobini (1989), who showed a sus-
tained increase in levels of acetylcholinc (ACh) in
brain of scvesal hours duration. At the doses used,

the inhibi~ion of cholincstcrasc lasted three times
longer than with physastigmine as well as producing.
significantly fewer side effects than physostigrninc or
tctrahydroaminoacridine (THA) (Tang er aL, 1989).

However, the cfTect of Hupcrnne A on other
Ccnlral cholinergic parameters, such as the tsigh

afiinity transport of choline and activity of choline
acetyltrznsferase (ChAT) was not assessed iJSukw.

Neither was it dctcmsincd if Hupcrzine A would be
an cffcctivc cholincrgic moduiator during chronic

trcimmcnt. Here, it is reported that the inhibitory
action of Hupcrnnc A on ACh E in ciuo was cffcctivc

at smaller doses than previously reported and. more-
over, it persisted after chronic memmcnt. in al] areas

of the brzin. Hupem”nc A also produced a transient
inhibition of the high afiinity transport of choline in
the hippoczmpus.

,ntrtwoos

,4nimaLr

Male Sprague-Dawlcy raI.s (Zivic Miller Labora-
tories, Al[ison Park, Pennsylvania) were used. At the
time of the cxpcrimcnt. the rats weighted bctwccn 275
and 3513g. For the duration of the experiment., the
rats were tsotsscci in groups of 2 on a 12-hr light-dark

cycle. Food and water were available ad Iibifum.

Ao!mintirration of Huper:ine A

Hupctzinc A and the rcfcrcncc inhibitor of AChE
physostigmine sitiicylatc Were solubilizcd in saline
and injcctcd intrapcritonealiy (i. p.). The chronic

treatment consisted of 9 inj,cctions. over a period of
4 dlys (twice a r.kty. hcrtcc). The 9th und last injection
was udminis Lcrcd 45 min prior to Ktcrificc.

76)
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CH1

&

:0

CH1 , 1,

Fig. 1. Molecular rcprcscntation of Hupcrnnc A.

Dusecrion of tique

After d-pitation, the brain was quickly rcmo~~ed
and the various regions of the brain studied were

dissected from each hemisphere, on a chilled metallic
plate, according COGlowinslci and Iversen (1966).

Acriuiry of Ch.4T

Dissected areas of the bt%n were homogenized in
19 volumes of sodium phosphate buffer (75 mM.

,pH 7.4. 4*C) and the homogenate was frozen at
- 70aC, until subxquen[ analysis of enzyme. After
thawing, homogenate (10 p [, 6 mg protein ~r ml)

was added in dup[icate to 10 jI I of buffer-substrate
mixture (McCaman and Hunt, 1965; Spykcr. Gold-
berg and Sparbcr, 1972) comprising sodium phos-
phate. 75 mM (p I-l 7.4); NaCl, 600 mM; MgCl:.

~ mJw; physoscigmine, 2.0 mM; bovine serum itlbu-
min, 0.05?’0; choline (Ch) iodldc. 10 mM and

[’HkGtYl+OCnzYMC A. 0.87 mM. After 30 min of
incubation at 37C, the tubes were placed on ice and
150 ~ [ of 3-heptanonc, containing 75 mg/ml sodium
tetrapheny[boron. were added to each tube co cxtclct

the ACh (Fonnum. 1969). After vortcxing, the
samples were ccnu-ifugcd and a 100 p [ aliquot of [he
top (organic) layer was assayed for radioaccivi [Y,
usi Rg liquid scintillation spcctromcry.

Actiuity of acetylcho[inesterare (.4 ChE)

Dissected areas Of the brain were homogenized in
19 volumes of sodium phosphate buffer (75 mM,
pH 7.4, 4’C) and the homogenate was frozen a!
- 70°C until subsequent analysis of cnzyrnc. After
thawing, the hornogcnatc ([O p[, 6 mg proccin per ml)
was added in duplicate LO 40 PI of buffcr+ubstriitc
mixture, which contained: sodium phosphacc
(75 mM, pH 7.0, 4*Q and []H’lACh iodide (10 mh4).
After 20 tin of incubation at 3TC, the tubes were
placed on ice and 150 y 1 of sodium tecraphcnyl-
boron/3-hcptanonc were added to each tube to separ-
ate ACh from the acetate (Fonnum, 1969). The
samples were vortcxcd, centrifuged and placed at
- 70°C, until the bottom (aqueous) .layer was frozt!tx
the top (organic) layer was then removed by aspira-
tion. Subsequently, the aqueous layer was thawed
and a 25 g I aliquot was assayed for radioactive ty,
using liquid scintillation spcctromctry.

High afinit.v transport of choline

Dissected areas of the brain were homogenized in
19 volumes Or sucrose (().32 M, 4“C) and ccnwifugcd

( 1000 g, IO rein, 4eC). fie supcrnatant was then
rcentrifugcd (?O,MO g, 20 min. 4“L3 and the tcsul-
tan[ pclleL was rcs~~ndcd in 19 vtslumcs of sucrose
(0.32 ,M, A“C). DupliuLc aliquots (50 PI) of the SUS.
pension were then added to 500 yl of bticr (pH 7.4)
comprising Ch, 1.0 ~ M; r~Ch, 0.28 PCI; NaQ
126 m.M; KCI, 9.6 rnlvf; Mg.50, s 4.2 fi; ~cfz,
z.-t M,M; dcxtrow, 10.0 m,M and Tris b~, ~.o MM.

In Na-+cc buffer, 252 mM sucrosc w substituted
for sodium. After 8 tin of incubation at 30”c,
3 ml of buffer (4’C) were added to each sample and
tissue was coUcctcd onto GF/F filters W’hatman), by
vacuum 6ftration. After washing with 10 ml of cold
buffer, the titers were placed in scintillation vials and
were assayed for radioactivity by liquid scintillation
spcctromcuy. The Na”-dependent high affinity trans-
port of choline was defined as the amount of choline
transpotIcd into tissue, in the presence of Na+, minus
that accumulated in the absence of Na” (Yamamura
and Snyder, 1973). Protein was assayed according to
Lowry, Roscbrough, Fan and Randall (1951).

Statistical analysis

DitTcrcnces were compared by multiple analysis
of varkmc: and post-hoc analysis, using the SYSTAT
StMisLicli Systcm (Evanston, Illinois, U.S.A.).

Figure ? illustra~cs the cffccrs of a single injection
of small doses of Hupcrnrtc A on the activity of
AChE in various regions of the brain. The data
indkstc chat the inhibition of cstcrxc was dose- and
time-dcpcndcm in hippocapus, stria,tum and scpturn.
At 45 min after the injection, [he dose of O.I mg/ke
(i.p.) induced a slight but non-significant reduction in
spccitic activity of AChE. At 0.5 mg/kg (i.p.), the
activity of AChE was more strongly mduc~
(P <0.01, <0.001, <0.005 in hippocampus, stria-
tum and septum, respectively). At these small doses,

a

~

●

~ -40
z 4s 90 45 90” 45 90

Z -50 TIME (m[n)
8
a

Fig. 2. EtTcct of acute injection of Hutxt%nc A on 4~tY
of AChE in various regions or the bmin. V~UCSrcPrc$@
mean 2 SEM. TWO-WZYANOVA (rcpcalcd m~ur~).
P <0.001. Multiple contrasts axdysis for dose-effect at
4S rein: O.I mg/kg, P - 0.S2 0.5 mg/kg, “P <0.01. AI

90 mix rion+igrtiticant (N.S.). N = 4-8 rats/group.
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[he inhibition of AChE was mostly reversed by
90 min after the injection in all regions of the brain
studied.

By comparison. a single injccr-ion of physostigmine
(as the salicylam, 0.25 mgjkg i.p.) resulted in a more
profound reduction in activity of AChE [hats that
seen with Hupetzine .4 (Fig. 2), ranging from 30 to
50”/. in pririetd conex, septum. hippocampus and
sriatum at 15 min af~er the injection (results not
shown). However. the activity of AChE had reverted
to control levels by 30 tin after injection of
physostigrnine.

The specificity of Hupernnc A on the mc[abolism
of .ACh was assessed by determining, in parallel, the
activity of CILAT in each sample. The ACh-forming
ertrymatic activity was noc influenced in civo in the
hippocampus or in the scriatum by Hupctzine A
(results not shown). The specificity of Huperzine A
on this cholinergic parameter, ChAT, was further
compared co that of physostigmine (0.?5 mgikg i.p..
[5 min afmr the injection) in cortex, septum. striatum
and hippocampus. Physosrigrnine had essentially no
effect on the activity of ChAT in uiuo (results no(
shown).

As shown in fig. 3, a single injection of Huperzine
A produced I transient inhibition of the high affinity
transport of choline in hippocampal syrmptosomcs.
The mansport activity was significantly (P < 0.01)
reduced ac 45 min. ac the dose of 0.5 mg/kg (i.p.),
whereas there was essentially no effect at 0.1 mg/kg
(alma not shown). By 90 min. the transpon had
returned to comrol values. High aflinicy transport of
choline in the striatum was measured in parallel in Lhc
same animals at 45 and 90 min after the injection. The
data in Fig. 3 show clearly Lha[ no inhibition of the
uptake of choline took place at 0.5 mg/kg (i. p.), or at
0.1 mg/kg (i.p.) (data not shown).

The high affinity transport of choline was also
assessed in various regions of the brain of rau
injected with physostigminc (0.25 mg/kg i.p.). At

U control
= 0.5 mg/k

hlppecampus

1
sttiatum ,

5 90

Fig. 3. EtTcctof acute injection of Hupcrzine ~ (0.5 mg,kg)
on high atlinity choline transport (HAChT) in hippo@mpus
and striatum. Values represent man ~ SE&i, Tw”o-way
ANOVA (hippocampus), P .C 0.C4)5. Single conlras[ m-taly.
sis ror dose-ctku M 45 min. “P <0.01: at 90 min. non-sig.
niiican[. Stria[um: no significant differences. N = 7-10

ratslgroup.

~ 0.1 mg/kg

:a 20
~ 0.5 mg/kg

1-

]

Col-t=x striatum zoptum hlppoc

~ 10

~ o!
~-lo.
u
za -20.
=
u . .

-so -
.

H ●

2-40-
z

Fig. 4 Effect of 9 chronic injections of Hupefine A, (4.S

days) on activity of AChE in various regions of the brain.
values represent mean = SE.M. Two-way ANOVA (re-
peated measures). P c 0.001. ?dukipk contrans analysis for

doac-sffcct: at O.I m~lkg. Y. S.; 0.S my’kg. “P c 0.01. IV = 6
mrs/group,

[5 min. the trwssport was reduced significantly
in hippocitmpus and paricmi cortex by 34’% and
37%, respectively. but no[ in the striamm (results
not shown). By 30 min afmr [he injection. Lhe inhi-
bition persi.wcd signiticwttly in the cortex and hippo-
csmpus.

The data in Figs 4 and 5 relate to the chronic
[rca~ment (twice a day for 4.5 days) with Hupetine
A on the same pammctcrs which were studied
acutely. As shown in Fig. 4, the reduction in activity
of AChE in the various regions of the brain, itr. [he
dose of O.I mg/kg (i. p.), did not reach significance.
However, at 0.5 mg/kg, the results showed (hat ac-
tivity of ACh E was significantly rcduccd by 20-30?4,
in every region of the brain studied.

The high affinity transport of choline was similarly
influenced by chronic weatmcnt with Huperzirse A. as
is shown in Fig. 5. The slight reduction in transport
of choline in the hippocampus was not significant aL

R control
~ t3.1 mg/kg
GI 0.5 mg/kg
Ezia 0.5 acute

~zo
g
:15
a
E 10a

;5
<
‘o-1

hlppacampus Maturn

Fig. S. Effect of 9 chronic injections of Hupcrzinc A (4.5
days) on high afmity choline wansporr (H,AChT) in hippo-
mmpus and striatum. Values reprcsen( mean k SEM Orrc-
way ANOVA (hippocampus), P c 0.00S, Single comrast
mmlysis for dose-cffccc at 0,1 mg!kg N. S.; at 0.5 mg/kg,
“~ <0.01. Swimum: no significaru diKcrenccs. The
0.5 mg/kg group (crosshatch) was injected iIcuIely and used

w comrol. .$ 9 5-7 rats; graup.

w w-r



766 S. L.4GA.W et al.

O.I m~’kg. However, at 0.5 mg/kg, high affinity u-ans-
port of choline w+ reduced by 28”A (P e 0.01),

45 rnin a(tc~ [he last inj~tion of Hupfinc A. ap-

proximately to the same cx[cnc as in the acute
controls included in [his ex~rimcnt. The high affini[y
transport of choline in str-iaml synaptosomcs (Fig. 5),

was not infiucnccd by chronic treatment with Hu-
petine A, at either dose. The activity Of ChAT was
no [ affccmd in uirro in the hippo campus, striatum,
cortex and septum after chronic trcatrncnt with
Hupcnirte A (O.I or 0.5 mg/kg i.p.) (rcsuhs no[
shown).

Hupcr%ne .A-induced inhibition of the high finiry
transpofi of choline was further invcsrigatcd in uirra.

Hippocampal synapcomcs were incubated with
Huperzine A, at concentrations ranging from 10-7 M
to [0-’ M, for periods of 5, 15 and 45 min. No
consistent cRccc of the inhibitor of cholincsterase on
high affinity transport of choline could be detcctcd in
uitro.

DISCUSSION

From the prcscn[ data it is c!car that Hupcrnnc
A-induced inhibition of AChE activity was as potent

after chronic, as it was after acute treatment. These
results indica~c that minimal tolerance (o the drug
occurred. This is important, since it is well established
that tokrancc develops co many of the CffCCLS of
ptrysostigminc (Costa, Schwab and Mu~hy, 1982;
Gcnovcsc. Elsmorc and King, 1988). It has also been
shown that the response to various inhibitors of
AChE varies .eonsidcrzbly after a sccofld injection
(360 rein), especially in the case of THA (Hallak and
Giacobini, 1989).

In their rcccnt study with Hupcrnnc A, Tang eCu!.
(1989) used doses of 2 mg/kg (i.m.), with maximum

inhibition of AChE occurring at 60 min and rcporrcd
side cffcms, such as fasciculations. Inhibition of
AChE was also studied at 30 min using smaller doses
(ranging from 0.1 to 2 mg/kg i.p.) and maximum
inhibition of AChE with minimal side effects oc-
cumcd between 0.50 and 1 mg/kg (i.p.) (Tang cr af.,
1989). In the present study, using two small doses
of Hupcrzinc A, administered intrapcritoncally, at
45 rein, it was observed that inhibition of AChE was
not very effcctivc at 0.1 mg/kg (i.p.). However,
although inhibition of AChE attained 3&5&!/o with
physostigminc (0.25 mg/kg i.p.), as compared to
15-25% with Hupcrzinc A (0.5 mg/kg i.p.) in various

regions of the brain, it was observed that the duration
of inhibition of AChE was longer than that with
physostigmine. ”T’tscsc results agree with previous

findings (Tang ● r af., 1989). Furthermore, ac the
small dose of 0.5 mg/kg (i.p.), no mortality or
any side effects were obscwed, even after chronic
treatment.

The action of Hupcrzinc A on the activity of ChAT
was also investigated in uiuo. Acute or chronic treat-

ment with Hupctinc A did not alter tic activity of

ChAT in any region of the brain studied.. This 6nding
complements the study of Hallak and Giacobini

(1989), who reported no effect of various inhibitors of
AChE in rrirro(other than Hupcrzine A) on purified
CbAT. Therefore, the reported in uioo incrcasc in
ICVCISof ACh by Hupernne A (Tang et of., 1989) was
Iikcly not to bc mediated r.hrou~ an incrcasc in the
rate of synrhcsis of ACh.

In the same study, Tang and his cainvcstigators
showed thaC clcc-u-ical]y-evoked l_CklSC of ACh WS$
noc influenced by Hupcrnnc A in slices of hippo-
-pus. Neither was the rclcasc of Ach ifiucnad by
physostigminc, urdcss large concentrations were used
(Hallak and Giacobini. 1989). Thus. it appears that
release of ACh in oiuo also may not be inffucn~d by
Hupcrnne A.

Another impomnt cffcctor of metabolism of ACh
is tic high aKnity transpon of choline (Tu?cL 1985).
Accordhtg to the present studies, acute or chronic
administration of Hupct-zinc A was a potent inhibitor
of high afini~y [ranspom of choline in the hippo-
ca.rrrpus in uiuo. Physostigrninc (Arwch, Simon and
Kuhar, 1975: Shcrrrmn and Mcssamorc, 1988) and
THA (Sherman and Mcssamorc, 1988) were also
found to have a similar effect on transport of choline
in uivo. However, in those studies, I.argc doses of
inhibitors of AChE, often accompanied by toxic
effects, were used. Atwch er af. ( 1975) clearly showed
that drugs affecting [he tumovcr of ACh ti uiuo

i nflucnccd the high affmi ty transport of choline,
accordingly. For instance, physostigminc was shown
to rcducc turnover of ACh (Saclcns, Simirc, .Schuman
and Allcn, 1974; Trabucchi, Chcncy, Hanin and
Costa, 1975) and muscarinic agonists. which increase
tumovcr of ACh. incrcascd high afiini!.y tmnsport of
choline (Atwc!s er uL, 1975). The effect of inhibition
of AChE on uptake of choline is bclicvcd to k
mediated through a regulatory prc-synaptic control
of high affinity transpofl of choline in response to
the incrcasc in content of ACh following inhibition
of cstcrase (Yamamura and Snyder, 1973; JOPC,
1979; Tamaru and Roberts, 1988; Brccr and
Knippcr, 1990). The present results support this
contention, since the effect of Hupcrzine A was

completely reversible with time (Fig. 2) and not
mediated through a direct intcmction with the trans-
porter (results not shown). Physostigrttinc also did
not show any direct effect in rrirro on synaptosomcs
in brain (Yarnamn.rra and Snyder, 1973), contrary to
ncostigminc flamamura and Snyder,, 1973; Simon,
Mittag, and Kuhar, 1975). Tlicsc rcsuks indicate that .
inhibition of AChE may influcncc the high @itY
transpofi of choline through a feedback-type rcgu-
Iation. mthcr than by operating directly on the
transpotlcr.

Hallak and Giacobini (1987) have h~othcsizcd
that in uiuo trcatrncnt with an inhibitor of AChE
“’which would not d~rcasc turrsovcr of ACh, wotdd

maintain long-lasting Icvcls of the ncurotransmittcr
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in the brain’”. Such may indeed be the case with
Huperzine A. .*lthough th: present rcsuks could Ix
inLc~cted as an indication that Hupcrnne A operams
in the CXS according to the same mechanisms as
those postulated for pttysostigmine, only the specific
determination of the turmover of ACh will resolve the
issue.

Another finding of Lhis smdy that remains to be
addressed is Why the high afiinity transport of choline
WIS not d=rcascd in the striautm. despite a potent
reduction in the activity of AChE by both FIuperzinc
A and physostigrninc in this region of the brain. The
suiatum contains the greatest concentmtion of ACh
in the brain (Sethy, Roth. Kuhar and Van VJoert.
1973). Nevc~helcss, inhibition of AChE may noc bc
accompaaicd by a significant elevation of ACh in
striatum (Tang ef al.. 1989). De Same. Pomponi,
Giacobini. Tang and Williams (1989) have also
shown that, after injection of a long-lasting derivative
of physostigmine. incwtscs in levels of ACh showed
marked rcgio nal diffcrcnccs. M orcover, it has been
appreciated for some time that regional variations
exist msong the cffecu of drugs on the high aflinity
mansport of choline (Jope. 1979) and that the stria-
mm often differs from other areas of the brain in iu
cholincrgic responses to pharmacological challenges
(Wcckcr and Dcctbam. 1979; Shcrrrw.n, Zig-rnond and

Hanin. 197S).

In conclusion. it has bcert dcmonstmtcd that low-
toxicity doses of Hupet%nc A could bc used for
scvct-al consecutive days and still exhibit full potency;
hence, tolcrartcc CO Hupcminc A. if itoceurrcd,

was minimal. Furthcmrorc, the differences that
have been shown in inhibition of AChE induced by
Hupcrnnc A and physostigminc arc further indi-
cations that Hupeczinc A may be more c,ffectivc
and Icss toxic than physosti-qrtinc when a long
tcm inhibition of ACh E is required. e.g. in clinical
trca(mcnt of diseases manifesting a cholincrgic hypo-
function.
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